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Abstract 
This article deals with the problem of increasing ecological safety, effectiveness and quality of mortars and grouting mortars. It is 
achieved by introduction of hollow glass microspheres into the cement mortar. Hollow glass microspheres have amorphous 
walls, which consist of silicon, sodium and boron oxides. The article considers physical-and-mechanical and environmental 
properties of hollow glass microspheres, the results of chemical, X-ray, microstructure and granulometric analyses of the 
microspheres are given. The application recommendations for the hollow microspheres are given, the role of microspheres in the 
process of the lightweight cement mortars and grouting mortars structure formation is noted. The experimental results are 
presented. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The development of any country requires effective construction and reconstruction works [1-4]. The 
reconstruction works are carried out to improve the thermal protection of buildings. However, existing plasters and 
masonry mortars do not guarantee a thermally homogeneous wall because of the discrepancy of average density of 
wall prefabricated elements and mortars. The solution of the problem is to use superlight cement mortars with the 
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appropriate average density [2-4]. It also concerns grouting mortars, which should have low stable average density, 
high homogeneity and required strength [5-11]. Mortars should have the same average density as the wall materials 
[1, 12, 13]. Such properties of cement mortars can be obtained by the introduction of hollow glass microspheres 
(HGMS) in their composition. Plasters and masonry mortars with hollow glass microspheres reduce the 
consumption of materials in construction and maintenance costs by reducing heat losses [12, 13]. With the same 
average density, they have a higher strength in comparison with cellular concretes [1-4]. Such mortars can only be 
obtained from stable components. Conventional HGMS, coated HGMS (CHGMS), Portland cement and oil-well 
cement are produced in Russia and other countries [1-4, 12, 13]. 
2. Relevance 
The problem of well fixings in the fields of the Far North, West Siberia, the Volga region, sea shelves, the 
Middle East is characterized by permafrost conditions and/or abnormally low bed pressures. In the process of 
cementation the grouting mortar can be absorbed. Insufficient sealing of the annulus may cause the pollution of the 
environment, break the laws for the protection of mineral recourses and reduce the well discharge volumes. 
The grouting material should meet the requirements on spreadability, uniformity and grouting mix density, 
tensile strength in bending and compression for the mortar. There are wells that cannot be cemented by the mortars 
with traditional porous fillers (e.g. expanded pearlite sand – EPS and expanded vermiculite sand – EVS), because in 
the well the destruction of sands takes place. In addition, they have great water consumption. It also concerns the 
mortars with such fillers. 
The introduction of hollow glass microspheres into a cement system allows us to get a material with a dense 
structure, with a low average density and a high homogeneity. Their walls have the theoretical strength value of 
800… 2000 MPa and a high specific strength – more than 150 MPa, that is 3 to 4 times higher than the parameters 
of other lightweight fillers, and the water-to-cement ratio is 2 to 3 times less. 
The homogeneity of the structure and the properties of mortars and grouting mortars with HGMS or CHGMS are 
provided due to the stability of the ingredients of the composition. These mortars may be used for cementing wells 
up to 4000 meters deep, for masonry and plaster works in civil and industrial construction 
3. Problem statement 
The solution of the problem of the reliability of thermal protection of walls of buildings and structures, oil and 
gas wells output depends on the quality of the mortars and grouting mortars. The spaces between bricks, blocks, for 
casing pipes, etc. are filled with such mortars. The efficiency and reliability of houses and wells in operation depend 
on it. The solution of this problem is very important. 
The use of superlight cement grouting mortars, plasters and masonry mortars may be a solution of the problem of 
construction of effective civil and industrial projects as well as and oil and gas wells. 
The purpose of the article is the development of cement mortars with hollow glass microspheres and a 
superplasticizer. The use of microspheres will provide for the homogeneity of the structure and the properties, a high 
reliability, the efficiency and environmental safety of construction regions. 
All the properties were determined on the samples with dimensions of 4×4×16 cm according to ASTM and 
GOST for these tests. The research works used the equipment of MSUCE. The strength of the grouting mortar was 
determined at the age of 2 days, that of the mortars – at the age of 28 days 
4. Theoretical part 
Hollow glass microspheres are more active absorbents, show the pozzolan effect and are the macro centers of 
crystallization in a cement system. HGMS well absorb and hold on their surface the water and the cement hydration 
products. Microspheres are uniformly distributed in the cement system. Such kinds of materials substantially 
increase the ecological safety [14–15]. The results of chemical, X-ray and microstructure analyses are shown in the 
Fig.1 and Table 1.  
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Fig. 1. X-ray diagram of hollow glass microspheres. 
In 45 minutes after the water addition to the system, the microstructure, X-ray and chemical analyses show new 
formations in the cement system with HGMS. They include the followings: portlandite (identified by the peaks with 
d=(4,93; 3,11; 2,63; 1,93)·10-10 m), ettringite (d=(9,73; 5,65; 4,704; 3,88;  2,56)10-10 m, CSH-I (d=(12,5; 3,07; 2,8; 
1,83)10-10 m), CSH-II (d=(9,8; 3,07; 2,8; 2,0; 1,83; 1,56) 10-10 m), hydrosilicate – 3CaO2SiO23H2O (d=(5,14; 
4,48…4,45; 2,3; 2,23; 2,04; 1,68; 1,60)  10-10 m), calcium hydrated aluminium – 3CaOAl2O36H2O and calcium 
hydrated ferrite – 3CaOFe2O3 6H2O (d=(5,18; 4,50; 3,402; 2,07; 1,715)  10-10 m), calcite – ɋɚɋɈ3 (d = (3,828; 
3,067; 2,511; 2,301; 1,88)  10-10 m), sodium compounds – Na2OAl2O32SiO2 (d=(3,828; 3,067; 2,511; 2,301; 
1,88)10-10 m), boron compounds: danburite – CaOB2O32SiO2 (d=(3,65; 3,57; 3,44; 2,96; 2,74; 2,73; 2,66; 1,44)10-
10 m) and CaOB2O3SiO2 (d=(3,48;2,86;2,66; 2,25; 2,23; 2,13 1,92)10-10 m). 
Table 1. The results of chemical analysis of hollow glass microspheres. 
Oxide Concentration, % 
Na2O 18,9...19,0 
Al2O3 1,20...1,26 
SiO2 71,3...75,0 
K2O 0,10...0,12 
ȼ2O3 5,0...6,1 
The activity of the microspheres is evident in the reaction of portlandite from the cement system with silicic acid 
gel from the wall glass.  
The replacement of sodium ions for the calcium ions increases the strength of the glass and the adhesion strength 
of microspheres with the cement stone.Sodium compounds moved to the cement matrix from the glass support the 
value pH of the medium above the corrosion bound of steel casing pipes, i.e., above 11,8. The strength of calcium 
hydrosilicates increases under the influence of the pressure in the well. 
It was also determined that the microspheres and cement particles form a homogeneous structure of cement 
mortar. It was determined by microstructure analysis that the whole space between the microspheres is filled with 
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the cement matrix. HGMS are in close interaction with the products of cement hydration, dense the intergranular 
space and simultaneously create pores. 
For obtaining a cement material with homogeneous structure it is necessary to overcome the surface forces on the 
microspheres. The coated microspheres, superplasticizer S-3, as well as natural factors - hydrostatic pressure and 
temperature in the well are used for that. Conventional microspheres in a cement grouting mix and mortars create a 
heterogeneous structure with a dense contact layer of new compounds around HGMS. After a decrease of the 
density to the value less than 1000 kg/m3 the addition of coated microspheres and/or superplasticizer S-3 reduces the 
average density of the mixture. The average density of the mixture is reduced because of the reduction of the amount 
of water. In such cases, the place of water is occupied by microspheres, the density of which is almost by 4 times 
less than that of water. Here, the thickness of the cement matrix between the microspheres decreases. The increase 
in the number of microspheres promotes to the improvement of the homogeneity of the cement stone. 
5. The results of experimental researches 
Modified materials with HGMS with the same fluidity exceed the usual ones at equal consumption of 
microspheres with respect to all properties (Tables 2, 3). They have a higher strength. 
Table 2. Properties of grouting mix and mortar. 
Composition of the mortar, 
mass % W/C
2 
Average density3, kg/m3 Humidity of 
mortar, mass 
% 
Strength4, MPɚ 
mix mortar bending compression 
100 GPC1 0,50 1815 1780
1620
 10,3 5,6
2,8
 17,9
9,0
 
100 GPC,10 HGMS 0,75 1265 1240
1100
 17,1 2,4
1,2
 6,5
3,3
 
100 GPC, 30 HGMS 1,34 950 890
710
 35,2 1,6
0,9
 3,4
1,8
 
100 GPC, 10 CHGMS 0,71 1320 1270
1110
 14,0 2,4
1,3
 7,2
3,7
 
100 GPC, 30 CHGMS 1,10 920 880
720
 22,0 1,8
0,9
 4,0
2,0
 
100 GPC, 50 HGMS 1,75 850 830
540
 52,4 0,9
0,6
 2,1
1,3
 
100 GPC, 50 CHGMS 1,50 820 790
550
 38,1 1,2
0,8
 2,5
1,5
 
1 – grouting Portland cement; 2 – water-to-cement ratio; 3 – up the line – the average density of wet mortar; below the line – dry 
sample; 4 – up the line – sample strength made at t=(75±2)°ɋ; below the line – sample strength made at t=(20±2)°ɋ. 
 
The structure of the modified material is packed and the pore sizesare reduced. This process leads to the optimum 
formation of the structure and the improvement of properties (Tables2, 3). 
For the first time the compositions of thermal insulation grouting mortarswere developed which can be both a 
passive thermal insulation and a grouting material. This material has a low average density, a sufficient strength, a 
good adhesion with steel casing and a low thermal conductivity. The thermal conductivity of the wet cement mortar 
reaches the value of 0,17 W/(m·°ɋ). 
Good properties of grouting mortars give the opportunity to use hollow glass microspheres in masonry mortars 
and plasters. Their properties are shown in the table 4. 
Data in table 4 show the obvious benefits of ecological mortars with hollow glass microspheres. Hollow glass 
microspheres and cement stone, according to the authors of the articles [16–21], have similar chemical and mineral 
compositions and the similarity of the structures. 
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Table 3. Properties of grouting mix and mortar with superplasticizer S-3. 
Composition of the mortar, 
mass % W/C
2 
Average density3, kg/m3 Humidity of 
mortar, mass 
% 
Strength4, MPɚ 
mix mortar bending compression 
100 GPC1 0,35 1930 1880
1731
 8,4 7,2
3,6
 25
12,6
 
100 GPC, 10 HGMS 0,50 1380 1320
1160
 13,4 3,7
1,8
 14,3
7,6
 
100GPC, 30 HGMS 1,00 890 830
661
 25,6 1,8
1,1
 4,8
2,5
 
100GPC, 10 CHGMS 0,45 1410 1320
1175
 12,3 3,4
1,7
 14,3
7,6
 
100GPC,30 CHGMS 0,90 890 860
725
 18,6 2,5
1,3
 5,3
2,2
 
100GPC, 50 HGMS 1,40 820 790
526
 44,4 1,2
0,8
 2,8
1,6
 
100 GPC,50 CHGMS 1,20 780 730
561
 30,1 1,6
0,9
 3,2
1,9
 
1 – grouting Portland cement; 2 – water-to-cement ratio; 3 – up the line – the average density of wet mortar; below the line – dry 
sample; 4 – up the line – sample strength made at t=(75±2)°ɋ; below the line – sample strength made at t=(20±2)°ɋ. 
 
Table 4. Properties of lightweight mortars. 
Properties 
Composition, mass %: Portland cement + 
30 EPS2 50 EPS 30 EVS3 50 EVS 30 HGMS 50 HGMS 
W/C1 1,53 2,61 1,17 1,90 0,98 1,53 
Mix average density, kg/m3 1240 1140 1330 1170 890 790 
Mortar humidity, mass % 69,7 105,0 47,0 78,3 37,6 57,1 
Bending strength, MPɚ 0,19 0,08 0,20 0,10 1,60 0,80 
Compression strength, MPɚ 3,75 1,40 3,58 1,42 3,90 2,20 
Mortar average density, kg/m3 1109 1120 1290 1116 890 750 
Average density of dried mortar, 
kg/m3 700 550 790 600 570 450 
Water absorption, mass % 80,4 117,6 66,7 104,8 57,0 78,3 
6. Conclusions 
The obtained results allow us to conclude that on the surface of the microspheres there is a chemical interaction 
with new compounds of the cement matrix. On their surface the calcium hydrosilicatesare formed, as well as the 
compounds with boron, aluminum, sodium, potassium, which can be introduced into the contact zone only from the 
wall glass of microspheres. Moreover, due to the above, the adhesion of grouting material with the casing for the 
consumption of microspheres of 30 % or more is at the level of those (or exceeds) of oil-well cement. This increases 
the sealing of cement collar in annulus and reliability of the well as a whole. The above researches were carried out 
at atmospheric pressure. Under the influence of a higher pressure in the well, the adhesion with the steel casing pipe 
will increase substantially by analogy with increasing density of the structure and strength of cement stone with 
microspheres under such conditions. 
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The introduction of HGMS creates a cellular structure, evenly distributed in the cement matrix, in which the 
hollow microspheres are bordered by the pores. It was required to study their behavior within the period of 20 years. 
It is found that the corrosion process takes place on the surface of the walls of the microspheres. It strengthens the 
contact zone due to the formation of water-insoluble compounds and the migration of the ions ɋɚ2+ into the walls of 
the microspheres instead of sodium ions, which leads to the reduction of defects of structure and, ultimately, to the 
elimination of the contact zone. Thus, the corrosion process of glass microspheres in cement stone has a positive 
influence on the structure increases the durability of cement stone in the annulus and the reliability of the well as a 
whole. 
Hollow glass microspheres are necessary only for cementing operations of the annular space before the cement 
stone will have obtain the required strength. The use of HGMS (CHGMS) allows us to cement any oil and gas wells 
to the depth of up to 4000 m, especially under the conditions of abnormally low bed pressures. Stable properties of 
Portland cement and hollow glass microspheres, produced by the domestic industry, provide for the high uniformity 
of the structure and the properties of construction and grouting mortars, an effective use for cementing wells, 
including the rocks with low carrying capacity of beds. It makes the developed compositions of grouting mortars to 
be universal. 
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